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ways (3) and by many people (4-9). In
order to better understand pitch deposi-
tion Allen (10) examined colloidal wood
resin particle size in relation to its con-
centration and Garver and Yuan (11)
examined colloidal stability with some
emphasis on particle size. Wågberg and
Ödberg (1) measured particle size (13,14)
using static light scattering techniques,
made famous by Rayleigh (15), and later
refined by Fraunhofer (16) and then by
Mie (17). Laser particle size analysis
(LPSA) and static laser light scattering
(SLLS) are further applications of these
earlier theories. With recent advances in
charge coupled devices (CCDs) and com-
puter processors, LPSA by SLLS contin-
ues to improve (18,19). Fluorescent dyes
in conjunction with laser pitch particle
counters have also been used in pulp and
paper research (20-22) though with limit-
ed success (23).
Fixation is not the only way to address
the problem of wood resin deposition.
Previous work (12) has described the con-
trol, management and elimination of
wood pitch deposition in terms of four
approaches; 1) Pulping operations –
through removal of extractives prior to
the paper machine. 2) Biological -
through treatment of the raw and/or pro-
cessed fibre. 3) Forestry/Agricultural -
through selective, alternative and/or
genetically modified fibres as well as har-
vesting and storage techniques of the
wood and/or wood chips. 4) Chemical -
through dispersant and/or fixation of col-
loidal and agglomerate pitch. All four of
these approaches will need further devel-
opment in order to minimise problems
associated with wood pitch deposition. In
addition to the factors associated with
these four approaches, there is also the
importance of process stability, namely
stable pH, temperature and shear, as a
shock change in any of these three pro-
cess parameters is likely to lead to pitch
deposition (4).
Knowing that different fixatives inter-
act differently with different concentra-
tions of wood extractives (5,24,25), the
methods of Wågberg and Ödberg (1)
could be used to further highlight these
different interactions. This paper aims to
study the effect that a range of different
wood pitch fixatives have on the particle
size distributions of wood resins and to
determine whether fixatives can increase
the size of aggregated pitch such that it is
entrapped in fibres and/or the fibre mat.
EXPERIMENTAL
Colloidal wood resin
Hydrophobic resinous extractive was
extracted from dried thermal mechanical
pulp (TMP) of Pinus radiata with hexane
using Soxhlet apparatus. Most of the hex-
ane was first removed by rotary evapora-
tion at 45°C and the remainder of solvent
was blown dry. The “dry” extractives sam-
ple was stored at -4°C before being dis-
solved into a 20 weight percent solution of
acetone. The acetone was removed from
the wood resin by dialysis (26) in order to
prepare the colloidal wood resin. The com-
position of the extracted wood resin,
shown in Table 1, was determined by GC
using a method previously described (26).
Buffers
Three 20 mM amine buffers were used to
control the pH to 8, 6.85 and 4.75.
Tris(hydroxymethyl)aminomethane ( pKa
8.06) and ethylenediamine (pKa 6.85)
were obtained from Aldrich and prepared
in distilled water. N,O-dimethylhydroxy-
lamine was obtained by distilling at 100°C
the hydrochloride salt with a molar excess
of KOH to obtain the free amine with a
yield of 82.5%. Each buffer solution was
titrated with 1M HCl until the pH of the
buffer equalled the pKa of the amine.
Fixatives
A range of fixatives commonly used in
the pulp and paper industry were obtained
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SUMMARY
Wood pitch deposition onto the surface of
papermaking machinery continues to be a
costly problem. Fixatives - substances
said to attach wood resin to wood fibre -
have been used to alleviate wood pitch
deposition to varying degrees of success.
This paper aims to evaluate to what
degree fixatives alter the colloidal wood
pitch particle size.
We were able to show how different wood
resin fixatives alter the colloidal wood pitch
particle size at three different pH values
(4.75, 6.85 and 8.06). The fixatives can be
divided into two categories, colloid disrupt-
ing and colloid stabilising, according to how
they change pitch particle size.
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INTRODUCTION
The term “pitch fixative” can be a mis-
nomer, as demonstrated by Wågberg and
Ödberg (1) and Shetty et al (2), who
showed that the removal of wood resins
from the papermaking system by cationic
polyelectrolytes can be achieved not nec-
essarily through fixation onto the fibre but
also by the formation of small wood resin
agglomerates and colloids large enough to
be removed from the papermaking pro-
cess through fibre entrapment. As a result
the meaning of “pitch fixative” has
changed to: additives that aid in the
removal of wood resins from the paper-
making system. 
Fixatives have been examined in many
Table 1.
Composition of extracted wood resin
Component Composition mg/g
Fatty Acid 46
Resin Acid 103
Triglyceride 42
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from Norske Skog Boyer who received
them for evaluation from various suppli-
ers. The fixatives investigated included
poly diallydimethylammonium chloride
(pDADMAC), cationic polyacrylamide
(cPAM), co-polymer of acrylamide and
diallydimethylammonium chloride
(p(AM-co-DADMAC), guar gum,
poly(aluminium chloride) (pAC),
epichlorohydrin-dimethylamine (epi-
DMA), polyvinylamines (pVAm) and
polyethyleneimine (PEI). The basic prop-
erties measured for each fixative investi-
gated is presented in Table 2. The charge
density of the fixatives was determined by
titration of 10 mL of a 1% solution of fix-
ative (as received) using a Mutek PCD-02
(Particle Charge Detector) to determine
the charge neutralisation endpoint. The %
solids were determined by drying a sam-
ple at 60°C for 48 hours.
Particle size analysis
A 15mL aliquot of the dialysed colloidal
wood resin was added to 585 mL of 50°C
0.001M potassium nitrate (26), pH adjust-
ed solution. The pH was adjusted using
either 0.16M nitric acid or 0.18M potassi-
um hydroxide or one of the amine buffers.
This solution was used to fill the centrifu-
gally pumped sample cell of the
Micromeritics Saturn DigiSizer 5200®
(Micromeritics Instrument Co. USA).
Particle size measurements were made
through exposures of a solid state 658nm
diode laser at ten different angular posi-
tions. The 16 mm parallel laser beam was
passed through the sample cell, and then
to the Fourier lens which projected the
light onto a ~1.3 M element CCD.
Deconvolution of the data was carried out
with Mie (17) theory using a sample
refractive index of 1.540/0.0001 and
0.983 density(g/cm3). 
A series of three measurements, each 6
minutes apart, were recorded for a col-
loidal wood resin sample to establish the
average particle size for the colloidal wood
resin. Immediately after this set of mea-
surements fixative was added to the sam-
ple cell in the Saturn Digisizer 5200 and
mixed using the ultrasonic probe in the
instrument. Subsequent measurements
were then taken 6 minutes apart, this being
the measuring time of the instrument.
RESULTS AND DISCUSSION
Figure 1 shows the particle size distribu-
tion of the dialysed colloidal wood resin
extract at 50°C and at 6.8 pH. This distri-
bution is very similar to that obtained by
Wågberg and Ödberg (1) even though
they made use of TMP from the Ortviken
Mill (SCA, Sweden) in which colloids
were taken directly from the pulp. In their
work they used 5.2 pH, a colloid refrac-
tive index of 1.200/0, a colloid specific
gravity of 1.0, and a Malvern Mastersizer
(Malvern Instruments Ltd, UK).
Figure 2 illustrates how the average
particle size of the wood resin colloids
increases with the addition of the
pDADMAC fixative (FixC). Four levels
of fixative addition to the 600 mL col-
loidal sample were explored (1.88 mg,
3.76 mg, 5.64 mg, 7.52 mg). These levels
were based on 0.5, 1.0, 1.5 and 2.0 kg of
as- received fixative per oven dried tonne
of TMP. Three measurements were taken
at each addition level and from these mea-
surements the mean, mode and median
were determined. All three measures
show that colloidal particle size increases
with the addition of pDADMAC.
The increasing particle size shown in
Figure 2 was not described by Wågberg
and Ödberg (1), most likely due to the fact
that they evaluated two higher concentra-
tions of fixatives 100 mg/L and 160 mg/L
(which would have roughly equalled 3
and 6 kg of as-received fixative per oven
dried tonne of TMP).
Table 2
Physical properties of Fixatives 
Label Chemistry % Solids Molar Mass* Charge Density (meq/g) dry
Fix A pDADMAC 43 Low 10.3
Fix B pDADMAC 39 Medium 4.6
Fix C pDADMAC 21 Medium 9.0
Fix D cPAM 58 High 0.4
Fix E cPAM 45 High 1.6
Fix F cPAM 58 High 2.3
Fix G Guar gum 100 0
Fix H p(AM-co-DADMAC) 67 Medium 1.9
Fix I p(AM-co-DADMAC) 63 Medium 4.1
FixJ pAC 47 low 3.6
Fix K Epi-DMA 52 low 10.3
Fix L PEI 26 Low 8.2
Fix M PEI 28 low 9.9
FixN pVAm 35 low 9.3
Fix O pVAm 17 medium 3.7
* Low MW= <104, Medium MW= 104-106, High MW=>107
Fig. 1 Colloidal wood (TMP Pinus radiata) resin particle
size distributions in microns at 6.8 pH, 50°C.
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ig. 2 Colloidal wood (TMP Pinus radiata) resin mean,
median and mode particle size in microns at 6.8
pH, 50°C over a range of pDADMAC concentra-
tions. (error bars indicate +/- 1 std. dev.)
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Figure 3 shows that the ~0.35 μm par-
ticles aggregated towards the ~3.76 μm
sized particles with increased
pDADMAC fixative addition. Wågberg
and Ödberg (1) showed that ‘small’ 0.1-
0.4 μm resin particles increased to ‘larg-
er’ stable 1-10 μm sized particles, which
agrees with our findings.
A range of fixatives of varying chemi-
cal structure and at different pH levels
were investigated. A single addition of
fixative was added to the Micromeritics
Saturn DigiSizer 5200® sample cell (7.58
mg corresponding to 2 kg/tonne fixative
addition). The change in particle size was
measured after 6, 12 and 18 minutes. The
change in particle size of the “small”
wood resin colloids and the “larger” wood
resin aggregates over time were deter-
mined as shown in Figure 4 and are
expressed as ms and ml. 
The results from the growth of large
and small wood resin particles at 4.75 pH
are presented in Figure 5. This pH repre-
sents a pH common to acid papermaking
and a pH below the pKa of both resin and
fatty acids found in softwood extractives. 
FixD (pAM) was found to have the
fastest growth in large particles at 4.75 pH
and at the same time the colloids were
found to decrease in size indicating that
components in the colloids are removed
during the growth of the larger particles.
The shift in particles from small colloidal
to larger particle size suggest that the new,
smaller, colloids are more thermodynami-
cally stable than the initial colloids. FixE,
also a pAM, has both rapid growth in col-
loidal and larger particle size. The higher
charge of FixE compared with FixD may
be driving the removal of dissolved (i.e.
<0.1 μm) extractive components from
solution and their incorporation into more
structured particles. This trend does not
occur with FixF which is another pAM of
higher cationic charge and molar mass.
This suggests that there is an optimum
cationic charge for the removal of extrac-
tives from solution. In examining the
results of the pAMs (FixD, FixE & FixF)
Fig. 3 Colloidal wood (TMP Pinus radiata) resin particle
size distributions in microns at 6.8 pH, 50°C over
an increasing range (0-7.52 mg/600 mL) of
pDADMAC concentrations.
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Fig. 4 Determination of ms and ml from the change in size with time of “small” wood resin colloids (ms) and change in
size with time of “larger”agglomerating particles (ml).
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Fig. 5 Change in particle size of wood resin with fixative addition (2kg/tonne as received) at 4.75 pH
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it should be noted that they are 2-4 orders
of magnitude larger in molar mass than
the other fixatives and that these polymers
aggregate particles via a “bridging”
mechanism (27). The increase in larger
particle growth can be thus attributed to
aggregation by the longer cPAM chains
bridging the particles.
FixA (pDADMAC) showed very little
growth in both the smaller colloidal and
larger particle size. The higher molar
mass pDADMAC fixatives (FixB, FixC)
as well as the pDADMAC co-polymer
fixatives (FixH and FixI) showed little to
no effect on the colloidal particle size but
all affected the larger particle size growth. 
The addition of FixJ (pAC) was found
to increase colloidal particle size but only
have a small effect on large particle size
growth. It is possible that though the col-
loidal particles are larger, than those of
most fixatives, they are still stable with
pAC at 4.75 pH. 
At 4.75 pH, particle size after a dose of
2.0 kg ‘as received’ fixative per tonne of
oven dried. TMP can reach up to 8 μm in
diameter from an untreated starting size of
approximately 0.3 μm in diameter, as
shown in Figure 6. The majority of fixa-
tives however do not increase large parti-
cle size above 2.5 μm. FixF (pAM), FixI
(p(AM-co-DADMAC)), FixL (pEI) and
FixM (pEI) increase large particle size to
3-4 μm while FixD and FixE (both pAM)
increase large particle size to greater than
6 μm. It is uncertain whether these larger
particles are aggregates or agglomerates,
in either case there is a concern that the
Fig. 6 Largest particle size (μm) at 4.75 pH.
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Fig. 8 Largest particle size (μm) at 6.85 pH.
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Fig. 7 Change in particle size of wood resin at fixative additions ( 2 kg/tonne) at 6.85 pH.
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Fig. 9 Change in particle size of wood resin with fixative addition (2kg/tonne) at 8.06 pH
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larger particles result in greater risk of
pitch deposition due to destabilisation
(e.g. pH shock, shear forces, etc.) or fur-
ther agglomeration of these large particles.
At 6.85 pH, FixE (pAM) had the high-
est growth rate in colloidal size and the
highest growth rate in larger particle size
as shown in Figure 7. FixG (guar gum)
had the slowest growth rate of larger par-
ticle size. FixH (p(AM-co-DADMAC))
showed large particle size growth at 6.85
pH but not at 4.75 pH. 
The majority of fixatives did not
increase large particle size above ~4.5
μm, at 6.85 pH as shown in Figure 8. As
at 4.75 pH (Fig. 6), increased the large
particle size to the greatest extent, pro-
ducing particles larger than 9 μm in diam-
eter. FixH (p(AM-co-DADMAC))
increased large particle size to ~7 μm.
At 8.06 pH, FixD and FixE, both pAM
fixatives, lead to a decrease in colloidal
size and a rapid increase in larger particle
size through aggregation as shown in
Figure 9. FixH (p(AM-co-DADMAC))
was found to cause a rapid increase in col-
loidal particle size and a growth of large
particle size though less than that of FixD
and FixE. FixB and FixA (both
pDADMAC) as well as FixF (pAM)
increased the colloidal particle size at
8.06 pH though not as sharply as FixH
(p(AM-co-DADMAC)).
In general, the extent of particle size
growth was lower at 8.06 pH when com-
pared to the particle size growth at 6.85
pH. Similarly the effect of pAM (FixD,
FixE & FixF) on particle size growth was
not as great at 8.06 pH as at 6.85 pH.
These observations would suggest that as
the cationic charge of the fixatives
decreases with increasing pH so does the
ability to agglomerate larger particles.
Of the three pH values studied 8.06 pH
had the smallest large particles with none
of the fixatives increasing the large parti-
cle size above ~4.5μm (Fig. 10). Half of
the fixatives studied did not increase large
particle size above 2.5μm.
CONCLUSIONS
The fixatives studied generally fall into
two categories – colloid disrupting and
colloid stabilising:
1. The first category of fixative disrupts
colloidal stability and leads to the for-
mation of larger particles (i.e. >2 μm).
2. The second category of fixative either
does not affect, or has a positive effect
on, colloidal stability. Some of the fix-
atives in this category also show little
growth in larger particles (i.e. >2 μm).
Table 3 shows the fixatives placed into
these two categories at each pH based on
the LPSA results obtained.
FixD and FixE (both pAM) are cate-
gorised as colloidal disrupting at all pH
values, whereas FixC (pDADMAC), Fix
G (guar gum), FixJ (pAC) FixN and FixO
(both pVAm) are categorised as stabilis-
ing colloids at all pH values. In the case of
FixC and FixJ the stabilisation is believed
to be due to the uniformity of the charged
unit spacing within the polymer back-
bone. It is likely that FixD and FixE
destabilise colloids through flocculation
and polymer bridging (27) as these fixa-
tives have 2-3 times higher molar mass
than the other fixatives studied.
The demarcation between the two clas-
sifications is not clear for some types of
fixatives. Other factors such as molar
mass and charge density appear to also
influence the mechanism by which the
fixative interacts with the pitch particles.
At lower pH the pDADMACs (FixA,
FixB & FixC) tend to stabilise colloids,
but as pH increases the lower molar mass
pDADMACs start to disrupt colloidal sta-
bility. It is possible that as pH increases,
larger ‘patches’ (28) of higher molar mass
pDADMAC are needed to neutralise the
higher negative charge of the colloids in
order to stabilise the colloids. 
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